BACKGROUND: The quality of chest compressions can be signifi cantly improved after training of rescuers according to the latest national guidelines of China. However, rescuers may be unable to maintain adequate compression or ventilation throughout a response of average emergency medical services because of increased rescuer fatigue. In the present study, we evaluated the performance of cardiopulmonary resuscitation (CPR) in training of military medical university students during a prolonged basic life support (BLS).
INTRODUCTION
Out-of-hospital cardiac arrest (OHCA), a major worldwide public health problem, is the leading cause of non-traumatic death in the military population. [1] [2] [3] It is well recognized that early initiation of cardiopulmonary resuscitation (CPR) may lead to the return of spontaneous circulation in victims with cardiac arrest. [4, 5] The high quality of CPR, which is defi ned as adequate compression depth and rate, complete chest recoil, minimized interruption and avoidance of excessive ventilation, is an important determinant for the resuscitation and survival of these victims. [6] World J Emerg Med, Vol 6, No 3, 2015 Wang et al Because the quality of CPR is a prerequisite for good outcomes, the latest AHA and ERC guidelines not only encourage bystanders CPR for all rescuers regardless of training but also emphasize the rescuers to push to a depth of at least 50 mm at a rate of at least 100 compressions per minute, to allow full chest recoil, and to minimize interruptions in chest compressions. Additionally, trained rescuers should also provide ventilations with a compression/ventilation ratio of 30:2. [7, 8] Recent studies [9] [10] [11] have shown that the quality of chest compressions was significantly improved when rescuers were trained to perform deeper compression under the latest guidelines. However, deeper compression required greater effort and increased physical exertion might cause rapid rescuer fatigue. [10] Rescuer fatigue adversely affected the performance of CPR and the quality of chest compressions was signifi cantly declined within 1-3 minutes in manikin studies. [13] [14] [15] [16] Simulation studies [12, 14] also demonstrated that there was a huge interindividual distribution in the quality of CPR and that individuals with lighter body weight or smaller stature were prone to have rescuer fatigue.
From the military perspective, first aid training for soldiers not only helps to preserve combat power in the combat zone, but also saves lives in medical assistance for natural disaster. Since its introduction in the army, best clinical experience has been combined with the best available evidence to provide all soldiers with lifesaving skills. [17] CPR for primary cardiac arrest in the military population also presents unique logistical and treatment challenges. [18] However, the performances of CPR in military healthcare providers are still unknown. In the present study, we evaluated the performance of conventional CPR in military medical university students 6 months after training following the 2010 AHA guidelines. We also compared the quality of CPR between males and females during a prolonged basic life support (BLS). The study was conducted at a medical training center of the Third Military Medical University Affiliated Southwest Hospital. Ethical approval was waived for this observational manikin study.
METHODS

Study design and participants
This retrospective study was designed to evaluate the quality of CPR in military medical university students and compared the performance between males and females 6 months after training following the 2010 AHA guidelines.
One hundred and twenty undergraduate volunteers from Third Military Medical University were recruited to participate in this study between November 2013 and June 2014. Among the students, 60 (56 males) were from the School of Basic Medicine and 60 (51 males) from the School of Biomedical Engineering. The majority (89.2%) of the students were males because the proportion of female students was nearly 10% in military medical universities. All of the students were inexperienced in CPR since BLS training was not a mandatory part of the student's curriculum.
Study protocol
The conventional 180-minute instructor-based BLS training course was conducted according to the 2010 AHA guidelines for CPR and emergency cardiovascular care (chest compression/ventilation ratio of 30:2). The instructor/participant ratio was 1:4.
After the training and a short break, BLS skill assessment was conducted according to 1-rescuer adult BLS skills testing sheet for 2 minutes. Those who failed to pass the test were exercised under the supervision of the instructor until they fi nally passed.
Half a year later, the students were invited to participate in assessment of their CPR performance in a simulated cardiac arrest scenario. During the evaluation of resuscitation skills, all students were individually tested and not allowed to communicate with each other. Every student was required to perform 20 cycles of 30:2 CPR. CPR was performed using the Resusci Anne Skill Reporter manikin (Leardal Medical Corporation, Stavanger, Norway) that was placed on the floor. No feedback was provided to the students during the entire CPR procedure.
Measurements
Comprehensive demographic information was collected for all students, including age, gender, height, weight, and calculated body mass index (BMI). CPR data were collected by Resusci Anne SkillReporter (Leardal Medical Corporation, Stavanger, Norway) every 5 cycles of CPR.
Quality of chest compression was assessed by mean compression depth, mean compression rate, the proportion of compressions with appropriate depth (at least 50 mm) and proportion of participants with mean compression depth greater than 50 mmutes. The quality of ventilation was evaluated by mean ventilation volume, the proportion of ventilations with adequate volume (within 400-1 000 mL), the proportion of ventilations with excessive volume (>1 000 mL), and the proportion of participants with mean ventilation volume between 400-1 000 mL.
Statistical analysis
The data were presented as mean±SD. Normal distribution was confirmed with the Kolmogorov-Smirnov test. Continuous variables were compared with parametric Student's t test or the Mann-Whitney U test for nonparametric data. Changes in performance of CPR over time within subjects were analyzed using Friedman's non-parametric repeated measures and analysis of variance (ANOVA) with Dunn's multiple comparisons correction used as appropriate. The relationship between the demographic characteristics and quality of chest compressions (proportion of compressions with appropriate depth) was analyzed with bivariate correlation analysis. For the comparison of categorical variables such as the proportion of gender, the chi-square test was used. P<0.05 was considered statistically signifi cant.
RESULTS
All of the 120 students completed the BLS training courses. Two students (1 male and 1 female) were dropped out from the study because they refused to perform the skill test. After 6 months, 115 students (103 males, 89.6%) participated in the evaluation. The mean age of these students was 22.9±1.0 years. The average height, body weight and BMI were 172.4±6.3 cm, 64.4±9.5 kg and 21.6±2.3 kg/m 2 , respectively.
Overall performance
The mean time to finish 20 cycles 30:2 CPR was 7.7±0.9 minutes. An average of 5.3±18.5 wrong hand placement and 4.6±12.9 incomplete chest recoil was reported in every student during the entire CPR period. The average compression depth and rate were 53.7±5.3 mm and 135.1±15.74 compressions per minute respectively. The average proportion of compressions with appropriate depth was 71.7%±28.4%. A total of 91 (79.1%, 88 males and 3 females) students showed average compression depth greater than 50 mm, and 107 (93.0%, 99 males and 8 females) students showed average depth greater than 45 mm. Figure 1 illustrates the changes in performances of chest compression during the entire CPR period. The compression rate obviously increased but the adequate compression rate decreased after 4 minutes of CPR compared with the first 2 minutes of CPR.
The compression rate increased from 129.9±16.8 to 134.4±17.6 compressions per minute (P=0.002), the adequate compression rate decreased from 85.1%±22.0% to 69.6%±31.5% (P=0.001), and the proportion of students with mean compression depth greater than 50 mm decreased from 82.6% to 69.6% (P=0.03) during the last 2 minutes of CPR.
Bivariate correlation analysis showed that quality of chest compression associated with body weight (r=0.425, P<0.001), gender (r=0.385, P<0.001), BMI (r=0.352, P<0.001) and height (r=0.344, P<0.001).
The mean hands-off time for 2 ventilations in each CPR cycle was 9.7±2.1 seconds and the average ventilation volume was 847.2±260.4 mL. The adequate ventilation rate was 30.7%±25.8% and a excessive ventilation volume was 55.6%±35.3%. A total of 73 (63.5%, 37 males and 6 females) students had a mean ventilation volume ranging from 400 to 1 000 mL. The mean ventilation volume was significantly increased after 4 minutes of CPR but still below the upper limit of adequate ventilation of 1 000 mL ( Figure 2 ). Both the proportion of ventilations with adequate volume and the proportion of students with a mean ventilation volume within 400-1 000 mL were remained unchanged during the entire CPR period. Table 1 shows the characteristics of male and female students. The female students were younger in age (22.1±1.0 vs. 23.0±0.9 year, P=0.009), shorter in height (162.6±4.3 vs. 173.5±5.4 cm, P<0.001), lighter in body weight (52.6±5.5 vs. 65.8±8.9 kg, P<0.001) and smaller in BMI (19.9±2.0 vs. 21.8±2.3 kg/cm 2 , P=0.008) compared with male students.
Performance of CPR between male and female students
The performance of CPR between male and female students 6 months after training is shown in Table 2 . Significantly lower compression depth (46.7±4.8 vs. 54.6±4.8 mm, P<0.001) and adequate compression rate (35.5±26.5 vs. 76.1±25.1 %, P<0.001) were observed in female students compared with the male students. Although the compression rate was relatively lower during the first 6 minutes, it was still above 100 compressions per minute. There was no statistical difference in compression depth, compression rate, and adequate compression rate during the 8-minute CPR for male students. But rescuer fatigue became obvious after 2 minutes of CPR for female students and the average compression depth was dropped from 49.1±5.3 mm to 46.1±5.3 mm (P=0.01). No significant differences were observed in quality of ventilation between male and female students.
Bivariate correlation analysis revealed that the quality of chest compression related to body weight (r=0.306, P<0.001) and BMI (r=0.304, P<0.001) in male students. 
DISCUSSION
We assessed the performance of CPR 6 months after training in military medical university students. We found that (1) the skills of CPR were retained after 6 months of training and average compression depth was above 50 mm for 8 minutes of conventional 30:2 CPR in this cohort of students; (2) male students could maintain a high quality of chest compression for 8 minutes while a signifi cant decay was observed in female students after 2 minutes of CPR; and (3) physical fitness and rescuer fatigue did not affect the quality of ventilation.
CPR is one of the most vital therapeutic options for patients with cardiac arrest. The probability of survival decreases significantly after 4 minutes without CPR in witnessed arrests. [19] For a victim to have a good chance, a bystander must start CPR early and effectively since emergency medical service providers generally can't get to a scene within 6 to 8 minutes. [20, 21] Thousands of lives could be saved every year by implementing bystander CPR because effective bystander CPR provided immediately after sudden cardiac arrest could double or triple a victim's chance of survival. [22] Vol 6, No 3, 2015 However, the quality of chest compressions is influenced by age, gender, body weight and time passed since the most recent BLS training of the bystanders. [23] Rescuer fatigue, which is regarded as the primary reason for deterioration of quality of chest compressions during CPR over time, has been investigated in a number of simulation and clinical studies with varying results. [14, 15, [24] [25] [26] In an earlier manikin study, Ochoa et al [24] demonstrated that rescuer fatigue was appreciated quickly for hospital staff and compression depth degraded after only 1 minute of CPR delivery. Ashton et al [14] found that the quality of chest compressions decayed within 3 minutes of CPR and this effect was greater in female doctors and nurses due to their smaller stature in another manikin study. Bjørshol et al [25] observed that there was no decline in quality of chest compression during 10 minutes of BLS with different compression ventilation ratios for professional paramedics. In another simulated manikin study, Bjørshol et al [15] also demonstrated that only half of the paramedics achieved guideline recommended compression depth during a prolonged advanced life support, but rescuer fatigue within the fi rst 2 minutes was rare. Sugerman et al [26] reported that compression depth decay became evident after 90 seconds of CPR, but compression rate did not change during actual in-hospital CPR with audiovisual feedback.
The effect of rescuer fatigue on chest compressions in accordance with the 2010 AHA/ERC guidelines has also been investigated in simulation studies. McDonald et al [13] reported that the quality of chest compression decreased over time and falling most rapidly within the fi rst 2 minutes of conventional CPR in 62 health science students. Yang et al [10] investigated the quality of chest compressions during compression-only CPR under the latest guidelines and its effect on rescuer fatigue in undergraduate volunteers. The authors found that both depth and number of compressions in appropriate depth dropped rapidly after 1 minute of CPR. In a recent clinical study, Kampmeier et al [11] documented that mean compression depth increased from 47.1 mm to 49.6 mm after the implementation of new guidelines, but the proportion of chest compressions reaching the minimal required depth decreased from 73.9% to 49.1%.
In the present study a relative faster compression rate was observed and the results were consistent with those of other two studies that a push fast recommendation caused increased chest compression rates. [10, 27] However, the mean compression depth was maintained at an optimal level and 79.1% of students achieved an average compression depth of >50 mm during the 8-minute conventional CPR at 6-month retention test. Although a relative decrease in the proportion of compressions with appropriate depth was observed after 4 minutes, the adequate compression rate of 67.3% during the last 2 minutes of CPR was still encouraging. There were three major factors for the high quality of chest compression. Firstly, since the majority of students were male and their stature played a considerably role in the performance of chest compression, and a high quality of chest compression was therefore observed. [12] When evaluated separately, the recommended compression depth was maintained stably in male students while a significant decay was present in female students after 2 minutes of CPR because of their physiologic differences. Secondly, the physical agility for military students was relatively stronger because of routine military training. Compared with the results reported by McDonald et al, [13] the ratio of adequate compressions was higher in this population even though their body weight, height and BMI were comparable. We suspected that the physical fitness of the students was enhanced because of military training, and that rescuer fatigue was insignifi cant in the students. Thirdly, compared with conventional CPR, more physical exertion was required and rescuer fatigue might be greater when compression-only CPR was performed. As a recommended alternative to conventional CPR for untrained lay rescuers, compression-only CPR was attractive because it was easier to perform and delivered a greater number of chest compressions than conventional CPR. However, two manikin studies [28, 29] have confi rmed that the quality of chest compressions declined rapidly within 2 minutes in compression-only CPR due to the increased number of chest compression delivery. In the present study, the students took around 9.7 seconds to give 2 ventilations in each cycle of CPR, resulting in a total of 40.2% interruption in chest compressions during the testing period. The longer hands-off time caused by ventilations might serve as a rest to recovery from fatigue and resulted in prolonged high quality of chest compressions in conventional CPR.
We observed that there was no deterioration in quality of ventilation over the 8-minute course of CPR. Despite an apparent increase in mean ventilation volume after 4 minutes, both the proportion of ventilations with adequate volume and the proportion of students with mean ventilation volume between 400-1 000 mL were remained unchanged. Additionally, although the ratio of adequate ventilation was lower and nearly half of the ventilations were over sized when each of the individual ventilations was analyzed, the average volume was still within the adequate range and 63.5% of the students delivered a satisfactory ventilation in terms of mean ventilation volume. At the same time, gender, physical fi tness and rescuer fatigue did not infl uence the quality of ventilations.
Even though CPR performed by layperson bystanders improves the odds of survival from OHCA, only about 4.5%%-22.9% of victims received bystander CPR in Asia. [21, 30] The rate was lower than that (28%-46%) of bystander CPR in America and Europe. [31] [32] [33] Barriers for implementation of bystander CPR include fear of possible harm to victims, concern for incorrect or poor CPR, legal liability, etc. [34, 35] The challenge is therefore to train more people capable of performing CPR. The results of the current study support BLS training in military, police and armed police forces, especially in communities with a low prevalence rate of bystander CPR. [36, 37] Since the majority of the participants are males and the decay in the quality of CPR was unobvious during a prolonged BLS, such personnel may enhance the survival from OHCA when trained as fi rst-aid providers.
Certain limitations need to be addressed in our study. Firstly, we evaluated the performance of CPR in military medical university students during a prolonged BLS, but no comparable non-military students served as controls. Secondly, these participants used for this study represented a physically fit cohort in military medical university, but the performance of CPR was not representative to the general population of the army, police or armed police forces. Thirdly, we demonstrated that the quality of conventional CPR could be well maintained for up to 8 minutes in male students, but their performance on the compression-only CPR is still unknown. Finally, CPR in simulated scenario couldn't appropriately take into account those issues such as chest-wall molding and physiologic differences in cardiac arrest victims so that their performance in a real situation of CPR still needs to be investigated.
In conclusion, performance of CPR was related to body weight, gender and BMI of participants in this cohort of military medical university students. The quality of chest compressions was well maintained for males during 8 minutes of conventional CPR but declined rapidly for females after 2 minutes. Physical fitness and rescuer fatigue did not affect the quality of ventilation.
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